OBJECTIVE: Secular increases in obesity have been widely reported in middle-aged adults, but less is known about such trends among the elderly. The primary purpose of this paper is to document the most recent wave of the obesity epidemic in population-based samples of 70-y-old men and women from Göteborg. Additionally, we will investigate the influences of physical activity, smoking and education on these secular trends. POPULATIONS AND METHODS: Five population-based samples of 3702 70-y-olds (1669 men and 2033 women) in Göteborg, Sweden, born between 1901 and 1930, were examined in the Gerontological and Geriatric Population Studies (H70) between 1971 and 2000. Cohort differences in anthropometric measures were the main outcomes studied. Physical activity, smoking habits and education were assessed by comparable methods in all cohorts. Subsamples of the women in the latest two cohorts (birth years 1922 and 1930) were also part of the Prospective Population Study of Women in Göteborg. In these women, it was possible to examine body mass index (BMI) and waist-to-hip circumference ratio (WHR) longitudinally since 1968. RESULTS AND CONCLUSIONS: Significant upward trends were found for height, weight, BMI, waist circumference (WC), WHR, prevalence of overweight (BMIZ25 kg/m 2 ) and obesity (BMIZ30 kg/m 2 ) across cohorts in both sexes. In 2000, 20% of the 70-y-old men born in 1930 were obese, and the largest increment (almost doubling) had occurred between the early 1980s and the early 1990s. In 70-y-old women the prevalence of obesity was 24% in 2000, a 50% increase compared to the cohort born 8 y earlier. BMI increased over time in all physical activity, smoking and education groups, with the exception of neversmoking men. Although 70-y-old women in 2000 were heavier than cohorts examined 8 y previously, data from the women studied longitudinally revealed that these differences were already present in earlier adulthood. In conclusion, the elderly population is very much part of the obesity epidemic, although secular trends in BMI were detected slightly earlier in men than in women. The health implications of these secular trends should be focused on in future gerontological research.
Introduction
Trends in obesity among middle-aged adults have been widely reported, and the increased risk of morbidity and mortality related to obesity in this age group is well documented. However, less is known about obesity and its impact on health in old age. Some general trends in body weight (BW) associated with normative aging have been described, including gains in BW during middle age, followed by weight losses at older ages. 1, 2 Studies from Sweden and other Nordic regions have reported that the epidemic of obesity has affected middle-aged and older men, with a relatively limited impact in women. [3] [4] [5] In the previous H70 Gerontological and Geriatric Population Studies in Gothenburg 6, 7 (in Swedish: Göteborg), major secular increases in BW and height between 1971 and 1992 have been reported in 70-y-olds. Increases in body mass index (BMI) were only detected in men. 8, 9 In addition to weight gains and losses, body composition and fat patterning change as individuals age, making BMI a poor indicator of both overall and abdominal fatness. Thus, in population studies, waist circumference (WC) and waistto-hip circumference ratio (WHR) have been suggested to be better predictors of obesity-related health risk than BMI. [10] [11] [12] Relatively little is known about secular trends in fat distribution, although some evidence for increased centralization of fat in middle-aged and older female cohorts has been observed in Sweden. 5, 9 In Finland, Lahti-Koski has shown similar changes over a 10-y period: WC and WHR increased both in middle-aged men and women, while hip circumference (HC) remained unchanged. 13 A German research group showed significant secular increases in prevalence of abdominal and overall obesity in elderly women over a period of 5 y between 1990 and 1995, but not in men. 14 Differences in lifestyle and environment have an impact on obesity, body fat distribution and health status. Previous studies have documented the effects of a sedentary lifestyle and low physical activity on obesity in the elderly. 15, 16 An inverse association between BW and level of education has repeatedly been observed in industrialized countries, particularly for women. 17, 18 It is also well known that smokers are leaner than non smokers, 19 although they have higher WHRs than nonsmokers. 5, 13 However, the extent to which these lifestyle factors influence secular trends in obesity in the elderly has been difficult to document. Secular trends in obesity have been reported previously over a period of 21 y in four cohorts of 70-y-olds born in 1901, 1906, 1911 and 1922. 8,9 Recently, a new 70-y-old cohort born in 1930 was examined, making it possible to extend the description of secular trends to the year 2000, with focus on the last two cohorts born in 1922 and 1930. Subgroups of the 1922 and 1930 birth cohorts of women are of particular interest because they have been followed longitudinally since 1968 and examined five times over a 32-y period. The primary purpose of this paper is to document the most recent wave of the obesity epidemic in population-based samples of 70-y-old men and women from Göteborg using both cross-sectional and (in women) longitudinal designs. Secondary aims were to investigate the influences of physical activity, smoking and education on obesity trends.
Population and methods
The 
22-24
BWs and heights were taken at all examinations according to standardized protocols. BW was recorded to the nearest 0.1 kg and standing height was measured to the nearest centimeter. 2 Measurements were taken in the morning with light clothing, when the subjects were in a fasting state. BMI was calculated from the weight (kg) divided by height squared (m 2 ). WC was measured in standing position with light clothing to the nearest centimeter, using a steel tape measure which was placed halfway between the lower rib margin and the iliac crest. At four of the five examinations, HC was measured with the same steel tape measure to the nearest centimeter at the widest point between hip and buttock. HC was measured in representative subsamples of 154 men and 174 women of the cohort born in 1901 and 260 men and 307 women of the cohort born in 1906, and all members of the cohorts born in 1922 and 1930. However, HC was not measured in the cohort born in 1911. Therefore, WHR (waist, cm/hip, cm) is only calculated in cohorts born in 1901, 1906, 1922 and 1930 when hip data were available.
Three potential explanatory variables reflecting lifestyle (physical activity, smoking, education) were also compared across cohorts as described below. Details of the various physical activity questions and scales used over the years have been reported elsewhere. 8 For the physical activity comparisons in this study, the category described as 'almost completely inactive' was considered comparable across all cohorts. Subjects who described themselves as moderately or very active (by various definitions over the years) are pooled and considered together as the comparison group. A detailed smoking history was obtained for all subjects at age 70 and the subjects were then divided into three groups: smokers at age 70, never-smokers at age 70 and ex-smokers. Finally, level of education was divided into two categories: 'basic' (6 y of compulsory schooling) and 'more than basic'. Obesity in 70-y-olds G Eiben et al
Statistical methods
Mean values and standard deviations were calculated for anthropometric measures at all examinations. Two-sample ttests were used to test the differences between the two latestborn cohorts. Tests of differences across all cohorts were conducted as tests of trend in linear least-square regression models using year of birth as independent variable and continuous anthropometric indicators as time-dependent variables. Comparing dichotomous outcomes, logistic models were used. To investigate the influences of gender, smoking, physical activity and education on obesity trends, interactions in linear regression models were tested. P-values of less than 0.05 were considered to be significant. Although we have described true longitudinal changes in two cohorts of women, terminology suggestive of longitudinal measurements (increases; decreases) is occasionally used in other parts of the paper reflecting secular trends across H70 cohorts.
Results

Population
Participation rates were higher in the earlier-born cohorts, compared to the later-born study groups. However, participation was stable among the two latest-born cohorts (see Table 1 ). In a nonresponse analysis, all subjects who took part in the 2000 H70 study were compared with those who did not attend but who did complete the nonrespondent questions (47% of all nonparticipants). Both groups were similar with respect to self-rated health, history of myocardial infarction, smoking and diabetes, although married men were significantly overrepresented among participating men. 25 
Secular trends in anthropometry at age 70
The mean values of height, BW, BMI, WC, HC and WHR are presented in Table 2 . Analysis of BW revealed a significant upward trend in both men and women across the five cohorts. In men there was a mean difference of þ 6.7 kg and in women a þ 4.3 kg difference between the first and the last cohort, while height also increased 2.2 cm both in men and women. When BMI was analyzed, an upward trend was significant in both men and women across all cohorts. However, BMI had been increasing faster in men than in women over the years 1971-1992 (gender interaction P ¼ 0.005), with some catch-up in the female cohorts between 1992 and 2000 (P ¼ 0.007) and a stable BMI in men at the same time. Analyses of WC revealed a significant upward trend in men and women, while HC did not change in either sex, comparing the four measured cohorts. As a consequence, analyses of WHR revealed a strong significant upward trend in men and women, both across the cohorts and between the last two cohorts ( Table 2) .
Prevalence of overweight and obesity at age 70 Prevalence of overweight (BMIZ25) and obesity (BMIZ30) increased significantly in both men and women across the Obesity Table 2 ). The highest prevalence in 70-y-old men was seen in the 1922 birth cohort, among whom 67.5% were overweight and 20.6% were obese. In 70-y-old women the highest prevalence was seen in the cohort born in 1930, in which 64.3% were overweight and 23.8% were obese. A comparison of the last two cohorts showed significant increases in the prevalence of overweight and obesity in women (Po0.05) but not in men.
Secular trends in obesity-related lifestyle factors at age 70
The trends for selected obesity-related lifestyle factors across cohorts are presented in Table 3 . In men, the prevalence of smoking decreased and the percentage of subjects with more than basic education increased across all cohorts. However, no overall trend was observed for prevalence of sedentary activity in men. When confining analysis to the last two male cohorts, the rate of physical inactivity decreased significantly from 21% in 1992 to 10% in 2000 (Table 3 ). In women, a significant upward trend was observed for the prevalence of smoking and the percentage of subjects with more than basic education. In addition, rates of physical inactivity decreased significantly across all cohorts of women. The comparison of the last two cohorts showed no significant differences in smoking and education, but a significant decrease (Po0.0001) in sedentary activity was observed. That is, only 8% of the women in the last cohort were physically inactive compared to 22% in the cohort born in 1922 (Table 3) .
BMI trends stratified by obesity-related lifestyle factors
In the next part of the analysis, secular trends in BMI were tested, following stratification by the same lifestyle factors described above. In both physical activity groups, BMI showed a significant upward trend across the cohorts in both sexes, but secular increases were significantly smaller in the more active (interaction: birth year Â physical inactivity, Po0.0001 in men and P ¼ 0.01 in women). After stratifying on smoking, significant upward trends in BMI were observed across the cohorts in all three smoking groups (smoker, exsmoker and never-smoker) with the exception of neversmoking men, who displayed a relatively stable mean BMI. In men and women the trends were consistently larger in smokers and ex-smokers, but the cohort effect was not significantly modified by smoking. Finally, stratification by education indicated a secular upward trend in BMI in more and less educated men, but no effect modification was seen by the education groups. In contrast among women, BMI increases were most pronounced in the subgroup with more than basic education and significant evidence of an interaction was observed (P ¼ 0.01) ( Table 4 ). Figure 1 shows individual changes in BMI with age for subsamples of women born in 1922 and 1930, who had been participants in the prospective study since 1968. Consistent with the total analysis, women born in 1930 had a significantly higher BMI at age 70 compared to women born in 1922 (P ¼ 0.04). However, a large fraction of this difference was already apparent when the women were in their mid40s. Similarly, WHR at age 70 was significantly higher (P ¼ 0.004) in women born in 1930 compared to the 1922 cohort, and this difference was already present in middle age ( Figure 2 ).
Longitudinal changes in BMI and WHR among women born in 1922 and 1930 (subsamples)
Discussion
Over the last three decades the prevalence of obesity has increased dramatically in 70-y-old men and women in Göteborg. In 2000, 24% of the women and 20% of the Obesity in 70-y-olds G Eiben et al men had BMIZ30 kg/m 2 , corresponding to a 50% increase in women and a more than doubling in men over three decades. The trends for BMI could be detected earlier in men than in women, while in the final 8 y, secular increases were also apparent in women. In addition, secular increases in abdominal obesity (measured by WC and WHR) also were observed. Interestingly, the recent secular differences in women could already be detected in subsamples when they were in their mid-40s. Finally, analysis of subgroups indicated that BMI is increasing in all physical activity, Obesity in 70-y-olds G Eiben et al education and smoking categories. The only exception was never-smoking men. The samples described here are representative of the community-dwelling population of that age and period of time in Göteborg, Sweden. Although the response rates in this study decreased from 85% in the first cohort to 65% in the last cohort, response rates remain acceptable, and higher than in many studies. 26 The last two cohorts showed almost equal participation rates. Moreover, surveys of nonresponders in the H70 studies over the years have demonstrated very few significant differences in demographic or lifestyle characteristics as a function of participation. [20] [21] [22] 25 Nevertheless, increasing nonparticipation rates must be considered a potential source of bias in observed secular changes. Another limitation of this research, common to many cross-sequential studies, involves changes in procedures. The examiners at each investigation were trained in the same way throughout the years, with the aim of collecting comparable anthropometric data at all examinations. However, slightly different questions were used for physical activity, smoking and education. In order to compare these variables across cohorts, it was necessary to reduce the number of categories, which may have caused information to be lost. 8 The secular increases in obesity observed in 70-y-olds in Göteborg are in general agreement with recent studies in younger Göteborg cohorts, 27 as well as nationally representative statistics in 65-74-y-old Swedes between 1980 and 1997, although the national survey data are based on selfreported weights and heights. 28 The relatively larger increases observed in 70-y-old men than in women are also similar to the secular trends reported among 60-64-y-old Finns between 1972 and 1997. Specifically, increases in Finnish men during this period were 1.96 BMI units compared to 0.32 BMI units in women. 3 The apparent gender difference in secular trends in Nordic populations may also be compared with data from NHANES surveys in the US, where obesity increased from 10.5 to 35.8% in 60-70-y-old men and from 23.4 to 39.6% in women. 29 Thus, in many parts of the world obesity prevalence in men seems to be catching up with rates in women. From 1992 to 2000 BW and BMI in men were stable, while at the same time both WC and WHR increased significantly. These upward trends could indicate a change in body fat distribution towards a larger amount of visceral fat. HC increased less than WC, both in men and women, which may be an indication of increasing cardiovascular risk. Previous analyses of earlier-born 70-y-old cohorts described here indicate that high BMI is protective for total mortality in men while being a risk factor for coronary heart disease (CHD) and stroke. 4, 10 WC is also a risk factor for these cardiovascular end points in men. 4, 10 In female H70 cohorts, however, neither BMI and nor WC was related to CHD risk. Therefore, it is difficult to interpret the public health implications of the secular increases in BMI and WHR reported here. 11, 30 It has been argued that increased abdominal fatness is better reflected by increased WC than BMI 11, 31 and that WHR is not a good predictor of overweight. 11, 32 On the other hand, WC as a surrogate measure of visceral fat in the elderly has in fact been found to be more closely related to total body fat than to visceral fat. 33 It is encouraging to note that the percentage of sedentary individuals decreased from 18 to 10% in men and from 23 to 8% in women, suggesting that physical activity has increased among the elderly during the last 30 y. However, the higher proportion of physically active individuals of both sexes did not correspond with an improvement in BMI or WHR over the same time period. BMI did increase faster in the sedentary groups in both sexes, which suggests that regular physical activity may have inhibited the secular trend in BMI in the more active group. In the latest born male and female cohorts, the mean BMI in the sedentary group was greater than 30, which implies a health risk. 18 Examining other obesity-related factors indicated, for instance, that in the two last cohorts the prevalence of smoking decreased in both sexes (for the first time in women) and the BMI in the exsmokers increased most, which could explain some of the recent weight increases in women. In women the observed effect modification in the educated groups showed clearly that the BMI in the more educated women increased much faster than in the less educated. The educational gradient in obesity appeared to be narrowing in women and widening in men, which is a continuation of a trend that has been observed in earlier cohorts. 9 Dietary trends over the past three decades in a subsample of the H70 population have been recently described, with significant increases in energy intake detected in men, which may partly explain their large increase in obesity. 34 It must be emphasized that all of the H70 secular trends reflect comparisons between different cross-sectional birth cohorts examined. Cohort differences may be strongly related to nutritional status; particularly height might be affected due to different contributions of childhood nutrition and living conditions, environmental factors and social factors throughout life. 8 The differences in BMI between the two latest female cohorts did not appear for the first time within the final 8 y. Inspection of longitudinal data in subsamples of women born in 1922 and 1930 reveals consistent differences in BMI and WHR, which were already present when the women were in their mid-40s. This indicates that the differences in BMI observed in 1992 and 2000 had earlier origins, 35 which may relate to social and environmental conditions in early life. The estimated average life expectancy of Swedes born 1930 is about 6 y longer than for Swedes born in 1901, 36 which may imply that the later-born cohort is biologically younger than the earlier-born cohort. It may even be speculated that the heavier BWs reflect a new generation of elderly individuals with a longer survival prognosis. Longitudinal data are necessary to understand the nature of these changes.
In conclusion, recently examined 70-y-olds were both heavier and have more centrally distributed fat than Obesity in 70-y-olds G Eiben et al earlier-born cohorts. In all, 20% of 70-y-old men were obese, and the largest increases (almost doubling) occurred between the early 1980s and the early 1990s. In women, the prevalence of obesity in 2000 was 24%, which is about 50% higher than 8 y previously. The elderly population is thus very much part of the obesity epidemic, although the health implications of these results are unclear since relationships between anthropometry and health change with aging. This should be focused on in future gerontological research.
